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BACKGROUND OF THE INVENTION 
1. Field of;-' the Invention 



- The P^sen, invention, relates to an electroluminescent di,m , • 

parfcular, to transistors constructing the circuit H ^ 

electroluminescent, display, device!. P ' X8 ' sec,ion ° f *n 
Pes^cHpt ibn" o'T thev.Ri!a f i d ;:^; - , 

Air ^ 'e ct ro luminesce nce'to referred to' as EL) disnl»\ \ ■ ■ ■■ 

ELrelement. w:hichris a>selNl. u *, i^,- ■ ■ ■ , ■ d.splay dev.ce which uses an 

Pixel nas^ra^ - ^ illumination element in each 

display tfevica' h * ^ ^ ^ * *** tfl^i* E £ ' 

thus been, researched,. •• - ' • a oy.cn an tJ _ d ^ p)ay device, has. 

PPy VL extend on the substrate in the column direction. Each pixel . 
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has an organic EL element 50, a switching TFT (first TFT) 10, an EL element driving 
TFT (second TFT) 20, and a storage capacitor Cs. 

The first TFT 10 is connected to the gate line GL and data line DL, and is turned 
on by receiving a gate signal (selection signal) on its gate electrode. A data signal 
which is being supplied on the data- line DL at- this point is then held in the storage 
capacitor Cs connected between the first TFT 10 and the second TFT 20. A voltage 
corresponding to: the data signal is supplied to the gate electrode of the second TFT 
20 via the first TFT 10. The second TFT 20 then supplies a current; corresponding 
to the voltage value, from the power supply line VL to the organic EL element 50. In 
this mannec the 'orgahic : EL elemerit in each pixel is : ilium iriated'at' er brightness based 
on the data signal, and a desired image is displayed. 

The. organic: EL element.is : .a current-driven, elem ent: which is -ilium inated.by supplying 
a current to an organic emissive layer provided between a cathode, and an anode. 
The. data signal -output onto the data, line DL, on the.. other hand,, is. .a voltage signal 
With an am pi jtu del corresponding t:o the. display, data. 1 Thus, convent ion ally, in order to, 
accurately ilium-mate the organic EL element-by such a data signal, in an organic EL 
display device, a first TFT 10 and.a second TFT 20 are provided in each- pixel. 

The display quality and reliability of the* organic EL display devices - described above 
remain insufficient, and the characteristic. variations in the first and second TFTs 10 
and 20 must be dissolved. In particular, reduction in characteristic variation, in:, the 
second TFT 20. for control I Fng the amount of current supplied from the power supply . 
line .VL. to , the organic EL element- 50 is ..desired, because.- such variation directly 
causes .variation in the ijlumiriatlbir brightness. 

M o re o ve r, it - is p r ef e ra b I e : t b :c o risl ru ct ' t h e fi rst a rid : .s e cb n d T FTs 1*0 a rid 2 0' fro m a 
pblycrystalline. silicon TFT which has : . quick ope rat ion speed arid which can be .driven , t 
by a low voltage.; In o.rde'r tonobtain .a 'pp'iycrystalline silicon,. :an ;.amorpho.us . silicon is 
pblycryst alii zed by. laser annealing. Because. of various reasons, such as,, for example", 
energy variation in the. irradiating laser at,:the irradiation surface, the. grain size, of the ' 
poly crystalline silicon is not uniform When gram size is, not uniform., in particular 
around, the TFT channel, there is; a problem in that the\:p.ri- current characteristic .or 
the like of the TFT-, may a| so: vary.. 

SUMMARY OF THE. INVENTION 

The present. invention- is conceived to solve the above, problem,, and one object of 
the present invention is to provide an active matrix type organic EL panel capable of 
illuminating each" ilium ination pixel at a uniform brightness by alleviating the 
characteristic variations of . the TFT which, controls the organic EL element. 

Another object of the present invention is to improve reliability and characteristics in a 
device having an organic EL element or the 'like as an element to be driven. 
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In order to achieve at least the object recited above, according to the present 
invention, there is provided a device comprising an electroluminescence element 
having an emissive layer between a first electrode and a second electrode; a 
switching thin film transistor which operates by receiving a gate signal at its gate, for 
reading a data signal;, and an element driving thin film transistor provided between a 
driving power supply and the electroluminescence element, for.controlling the supply of 
power from the driving power supply to the electroluminescence element based on a 
data signal supplied from the switching thin film transistor, wherein a compensation 
thin film transistor having an opposite conductive characteristic. as the element driving 
thin film .transistor is- provided between -the- driving power supply- and t.he : - el em en.U 
driving thin film transistor. 

With such a compensation .thin film, transistor with ap opposite conductive 
characteristic, variation in the , characteristic shift in the element driving thin, film 
transistor can be absorbed; a : nd, thus> overall;. variation among, individual, transistors; 
can be .alleviated. Variation., in illumination brightness of the electroluminescence: 
element, due. to the: characteristic variatipn ican' thus be /"prevented. 

According to another aspect of "the present;, mventibn/jtiis "p.ref.erc^JeV'that-/.thp > 
compensation thin" film transistor is a diode/connected transistor disposed between the 
driving power supply and the. element driving thin fiJm transistor.. 

With such a . structure, it is possible to com pensate for the- characteristic variation in 
the elem ent driving thin film transistor without supplying a designated control signal to 
the compensation thin film transistor. / 

According to another aspect of^the present- invention;- 'it- is preferable that, imthe 
display device, the elem ent driving thin film transistor comprises a plurality of thin film 
-transistors .connected, to. each other Fn parallel-:. 

According to yet another aspect of the present invention, it. is preferable that .the 
element driving 'X bin "film, transistor comprises a plurality of thin film transistors 
connected. between the driving . power supply and the electroluminescence elem ent and 
in parallel to e'ach : other-, and the compensation thin film: trahsist.br is respectively 
provid ed between the. plurality , of thin film transistors - connected in. parallel and! the 
.driving power supply. 

In this manner, by providing a plurality of element driving ..thin film Iran sis tors: in 
parallel, the overall influence on the characteristic of the transistors connected, in 
parallel can be alleviated even when characteristic variation; occurs in' an individual 
transitor.. Because of this, it is. possible to. supply current with small variation to- the 
EL element. In ! addition, by also providing a plurality of compensation thin film 
transistors, the influence of the characteristic variation in the individual transistors on 
the characteristic of the overall pixel transistor can be reduced/ which facilitates 
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illumination of the EL element at a uniform brightness. 

According to another aspect of the present invention, the semiconductor device can 
be used for an active matrix type display device wherein each of the pixels arranged 
in a matrix form comprises a switching thin film transistor, an element driving thin- film 
transistor; a compensation thin film transistor, and the element to be driven, which is 
the display element. 

According to another aspect of the present invention; in the semiconductor device/ it- 
is preferable that the element driving thin film transistor and the compensation thin 
film transistor are placed so that the channel, length direction of the thin film 
transistors are along the extension- direction of the data line for supplying the data 
signal to the switching thin- film transistor. 

According to /another aspect of the/ present invention, the re* Ts : provided an active 
matrix, type. display device in which ..each of a. plurality ; of pixels arranged in a matrix 
form comprises at least an element to be. driven and an element driving thin film 
. transistor for supplying power from a driving power supply, to the- elem ent to be 
driven;; wherein, each pixel: region of the plurality, of pixels has one of the sides- in the 
row- direction, or column direction of -the matrix . longer. tHan the., other side; and 'the 
element driving .thin-film : transistor is placed so.that its channel length, direction is 
-along the longer side of the pixel region. • ■ . . ■ 

According to another aspect of the present invention, in the display device, it is 
preferable that in the'pixel. region the side along the column. direction of. the m atrix is 
longer than the side;, along the row direction of the, m. at rix; and. that .the element 
driving thin film transistor is placed so th at itsMchann el length direction is. along the 
cqlum:n 'directidh.* J ' 

According to •*an:qthe.r aspect, of the present:: invention,. : there' is provided- a' 
s'em icondu ctqr apparatus com prising at least bne. elem e n 

supplying driving current from a* power -supply line to a corresponding element to be 
ririyeh;.ahd I ' a' switching* thin film "trap sis tor for. con'tro/llihg the' element driving.thin film- 
transistor based. on data suppJied.when s.ele^cted;..wherein the.;elem ent driving thin film 
transistor is placed so.that: itsichahnel Iq !n gt h. d i recti on. is:.along. : the exte.ns.ipn direction 
of a data line for supplying' the data .signal to ^he "switching thin' film . : trahs;i?t or: 

By em ploying . such a configuration,- it. is possible to increase/the channel length of. the 
ejement driving thin film transistor for supplying power to: the elem ent; to t be; driven, 
and, to thereby improve reliability characteristics of the transistor such as, for example, 
its durability. In addition, the- characteristic of the element driving thin film transistors 
each provided for an element to be driven can be averaged; and, thus, the variation 
in the illumination brightness among the elements can be inhibited even when the 
element'to be driven is an illumination element which has different illumination 
brightness depending on the supplied power.. Moreover, the., configuration facilitates 
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efficient placement of a plurality of element driving thin filmtransistors, for. example, 
with sufficient channel length with respect to one element to be driven, in parallel or 
in series within a pixel and, thus, it is possible to increase the illumination region in a, 
case where the element to be driven is an illumination element. 

According to another aspect of the present invention, in the. semiconductor apparatus, 
or display device, it is preferable that the element driving thin film transistor is formed 
so that its channel Length direction is along the scan direction of a line pulse laser 
for annealing the- channel region of the transistor. 

In. this manner, by coinciding the channel length' direction of the element driving thin 
film transistor and the' scan direction of the laser annealing, the difference in the' 
transistor characteristics from the- element driving thin film transistors for supplying 
power to. other: elements- .to be driven can , be. reliably reduced: 

In laser annealing, the laser .output .energy tends to vary. The variation ihcludes,.a 
variation in the pulse laser within ah irradiation region and variation am ong the : shots. 

In- many cases,. the : element drivjng thin' film transistor which* -is " used . for a 
semiconductor apparatus such' as, forexample, an active m;atrix type display-device, is'.- 
designed so that the channel lengtrvis significantly greater than the channel width.:By„ 
placing the element driving thin film transistor^albng' the longer side of the pixel 
region or forming the element driving thin film trans ist oral on g. the* column- direction or 
the extension direction of.the dataJine, the channel. length of the element driving thin 
film transistor can. easily be increased, to : a sufficient; length. By.,s : efting the. scan 
direction of the laser to . almost .coinc^ of J ne 
element driving thin film tran;Sistq.r^fhat4 : j^;j By^ftittg ij^..scan^directibh ;'tCt'he laser 
so that the longitudinal direction of the laser irradiation region crosses the channel in 
the width direction, the device can easily be adjusted so. that the;, entire, channel 
region of :pne, element drivihgthin film trans ist.br is hot. sim ul.taneousiy r annealed by a 
single. shot: This can be easily achiey.ed by, forexample, se.tting the channel length. of 
the element, driving thin film transistor to be longer than one moving pitch. of a pulse 
lasher." Thus, in a. case:.where a.fplurality of -elements td- be. ; driven- is fprme.d/J on the 
same substrate and a plurality of element driving .thin film transistors for supplying 
power to. the plurality of leieme.nts/. is: fomted, it is. possible.: to laser anneal the^active 
layers of the : thin film transistors by a plurality of shots,, resulting in the transistors to 
be!, subjected- -more uniformly to the : energy variation" am on g the shots and reliable 
averaging of the characteristics among the thin film transistors. I h- this m anner, for 
example, in an organic EL display/ device whiclr uses an organic EL element as the 
element. to be driven, which use's an 'organic com pound as the emissive' layer, 
variation in the ilium ination brightness am ong the organic EL elements provided for 
different pixels can be significantly reduced. " > •• 

According to. another aspect of the present invention, in the semiconductor apparatus, 
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it is preferable that the channel length direction of the element driving thin film 
transistor does not coincide with the channel length direction of the switching thin film 
transistor. 

The switching thin film transistor is placed near the section where the selection line 
for selecting the transistor and the data line for supplying a data signal cross each 
other. In many cases, the switching thin film transistor is placed so that. its channel 
length direction is. approxim ately parallel to the extension direction of the selection line r 
In such a" case,, by placing the element driving thin film transistor so that its channel 
length direction is- different from that of the switching thin film transistor, the channel 
length of the ele.ment "driving^ thin' film transistor -can 'easily' b£ increased. 

According to another aspect, of the presenf invention, there is provided a 
semiconductor device .comprising, n thin film transistors for controlling, the; power 
supplied to an element to be driven which operates based on- the supplied power, 
where n is. -,arv integer equalto or greater than 2; provided between the element to 
be* driven .and a power supply, line for supplying po.weivto the. elem ent: to. be driven, 
wherein the number ;of contact points for e I ectric ally connecting ' the. n thin film 
transistors and: corresponding element' -to- be. driven is equal to or less than (n-l). 

From the viewpoint of reliability of the power supply to the element to be driven and 
of variation- prevention; provision* of a plurality of element driving thin film transistors 
for supplying power, to the element to be driven, is highly effective. On the other 
hand, for a case where the element to be driven is, for example, an. 'illumination 
element, the: contact sect ion is.. usually a nonr illuminating region. Theref ore, by. setting 
the number of c on t a ct s be fw e en n t h i n f i I m trans i s t o.rs: f o r s u p p ly i n g power to, t he 
elem ent to: be .driven agd the- elem ent to-be driven to .be equal to or less/ than (nr-l)/ 
it. is possible to improve the. reliability as a device, while simultaneously securing a 
maximum actual operation region (ilium ination region for an em issive elem ent) for the 
:element:to; be driven. 

According to; .another aspect of the pre'sent. invention, there is provided, a 
:.semicoriductor deyice./com prising" a thin film transistor for controlling the. power 
supplied to an element to: be: ;d.riyen, provided, between the. elerri ent to ,be driven , 
which operates, based on the supplied power and a power supply line for supplying 
power to the element to be .driven, wherein the thin film transistor and corresponding, 
element to be driven are el ectricaily connected to each other by a wiring layer; and 
the contact position between' the wjrihg layer and the thin fiim transistor is placed to 
be distant, from the contact position between the wiring layer and the element to be 
driven. 

By placing the contact position between the wiring layer and the thin film transistor 
distant from the contact position between the wiring layer and the element to be 
driven, the formation of the element to.be driven, which in many cases is formed at : 
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a layer above the wiring layer,- on a more flat surface is facilitated. The thin film 
transistor and the wiring layer are separated by an insulation layer and the contact 
between the thin film transistor and the wiring layer is achieved through a contact 
hole formed on the insulation layer. The connection between the wiring layer and the 
element to be. driven is achieved through a contact hole formed on another insulation 
layer for insulating the wiring. layer and the element to be driven: Therefore, when the 
contact hole for connecting the thin film transistor and. the wiring layer is formed to 
.overlap to the position of the contact hole for connecting the wiring layer and the 
element to. be . driven, the elem eht to be driven, which is formed at the uppermost 
layer/. woulcL.be, fprm.ed .on;..top. of. an. unsye.n; s.urfa.ca.wjt h.., a large.. height, d iff. erence 
due to two (steps of) contact holes. When an emissive element, for example, an 
organic EL elem ent which .us es. 'an organic. com pound in the em issive layer, is used 
"as the;;elem e : nt to be driven,' "electric field concentration or the like tends to" occur at 
ihe'-layer which includes the. prganic.com pp.und if the. flatness of the : formation -surface, 
is not good, and a dark spot which cannot illuminate tends to be generated from 
such electric -field concentrat ion.. Therefore; by- placing- at a distance the contact 
between the w iring layer and the elem enLto be driven vfrom the : cpn tact between the 
thin film transistor and the- w iring [ layer- the flat ness/ ; of -the' form ati on region' of the 
element to-be driven can ■ be - improved. 1 - * ■=* 

According, to ahother aspect of the. present invention, in the semiconductor apparatus, 
it is preferable that the element. to be* driven is. an ilium i nation elem ent which includes 
an emissive element layer between' a first electrode and a second electrode; a contact 
hole is f o rrh e d on jari in s u Tat i.o n J.aye r w hicfr! i s f or m e d ■ ab ov e .. t he w i ri ri g ! ay e r; t he 
wmhg : layer-is connected" through the contact hole to the first electrode of the 
illumination element which is. formed 1 on top of the insulation layer- and covering the 
icbntact.;. hole);, at feast 'it he contact bible region of the first electrode is covered by. a. 
flattening layer for planari.zation) and the emissive element layer is formed above the 
first electrode ah id .thb; flattening layer.. 

By* cove ring the.conm of the' first electrode. by a flattening I ayer^.th at is, 

by filling: the r#:cesse:d Section cause d.. by ..the presence of. .the contract: hole by the 
flattening layer, a 'sOrfape which 7 has a very high flatne.ss..can be obtained by : the first 
electrode .and the flattening layer.. Thus; by f ormjng ;Uie..e missive/element layer on the; 
surface with very: high flatness, the reliability of the element can be improved. 

According, to; another aspect of the. present- invention, there is provided a 
sem i conductor, device com prising a thin film; trans is tor for controlling power supplied to 
an : element to be driven which operates, based on the supplied power and which 
includes an emissive element layer between a first electrode and a second electrode, 
the thin film transistor being provided between the element to be driven and a power 
supply line for supplyihig power to. the element to be driven, wherein the thin film 
transistor and the.xorrespo.nding .elem ent to be driven are directly or indirectly, and 
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electrically connected to each other at a contact hole formed on an insulation layer 
for separating the thin film transistor which is formed at a lower layer and the 
element to be driven; at least the contact hole region of the first electrode is covered 
by a flattening, layer; and the emissive element, layer is formed above the first 
electrode and the flattening layer. 

An emissive- element layer is formed above the. first electrode, but, because the 
recess section on the first electrode generated by the presence of the' contact hole is 
covered by a flattening layer, the first electrode and the flattening layer can ere ate a. 
very flat surface even when the recess section is deep such that the reliability of the 
elem ent' can' be" im p rove d by f orm Injg't he>m iss ive -el erm e nt laye r o n - 1 o p of th e s u rf ace 
with a high flatness., . . ■ 

Accprding v tb, another aspect of the; present: invention,, it is preferabl/e_that t.he.element 
to be driven is an organic electrolum ine see nee- .elem en V. which employs an organic, 
•compound .as. an emissive layer. Although such an organic EL elem ent 'has. high 
brightness and wider.selection rangesyforthe:illu^ material, be.cause 

the organic EL element is current driven,, variation, iry the amount of . supplied current 
causes a variation. in the illumination brightness., By usjhg the circuit structure of the 
pixel or. placement as described above, it is possible:to easily maintain -uniformity of 
the supplied current. In addition, by employing the placement and structure of the 
contact points- as described above, the, aperture ratio- can be increased and the 
element layer. such as the emissive layer can be formed on a flat • surface^ and a 
more reliable element can be obtained. 

(BRjEF: D ES'OB(BTi:QlS| "QF" THEY'D Efi^WilsfGS- 

Fig ; . 1; is- a : diagram-showing a circuit' s'tructure for one pixei in an active m atrix type 
/Organic EL display device; 

Fig/ 2 is a diagram showing an ex am pTe; circuit stru cture of ,o He pix el in ah active 
matrix -typa organic EL display. device according to: a.first.em bodim.ent of the invention. 
Fig, . 3; is a diagram showing the. KV characteris'tic-vof a TFT. 

Figs. 4A.and 4B...are diagrams showing the; effects, obtained by.the circuit structure, of 
the present; invention ; arid by .-.a circuif iqf conventional, structure.. 

Fig. 5 is a diagram showing another circuit, structure, of one. pixel; in: an active matrix 
type organic EL display device according :to the. first em bo dim ent of the invention. 
Fig. 6 is a diagram showing yet another circuit structure of one pixel in an active 
matrix type organic EL display device according to the first embodiment- of the ' 
invention. 

Fig ; 7 is a diagram showing still another circuit structure., of one pixel in an active ' 
matrix type organic EL display device according to the first embodiment of the 



49-9 



PATENT APPLICATION 



invention. 

Fig. 8 is a diagram showing planer structure of the active matrix type organic EL 
panel according to the first embodiment of the present invention with the circuit' 
structure shown in Fig. 7. 

Figs. 9A, 9B,.and 9C are diagrams respectively showing the cross sectional structure 
along the- lines A-A, B-B, and C-C,of Fig. 8. 

Figs. 10A and 10B are respectively a planer diagram and a cross sectional diagram 
of one pixel of the active matrix type organic EL panel according to a second 
jejtibp.jdi.ment' of. .the, present, invention. 

Fig. 11 shows another example of a. planer structure of one pixel 'pf the active matrix 
type organic. EL pane I. .according to. the second embodiment. 

Fig. 12 is a planer diagram of \one ; pixel of the active matrix ;type. organic: EL panel 
according to:. a -third embodiment of the present: invention. 

Fig. 13 shows another example of a planer structure of one pixel of the. active m at rix ' 
type organic EL element' according to. the. third embodiment: 

"Fig. \A shows yet another example. of a planer structure of one pixel of the active 
■matrix type organic EL pane! according to the third embodiment. 

Figs. 15A and 15B are diagrams respectively showing the cross sectional ;structu re and 
planer structure. of the contact section between the. active layer. 1.6 -of. the second TFT 
and Xhe anode. 52. of the organic EL element 50. * 

Figs 16A and I. SB"' are diagram s; respectively showing the cross:sect Tonal structure and 
planer structure of the contact section between the active layer 16 of the. second TFT 
and the; anode 52 of the organic EL : element 50. according to a fourth embodiment of 
ithe present! invention.. 

Fig t: i7 is a .diagram "show in of a cross cs.ectiprVal structure of the 

contact: section between the active, layer 1.6 of the second TFT and. the. anode 52 of 
the prganicEL element. 5.0 according to. the fourth em bo.dj merit-; 

Fig., 18 is' a diagram showing va further e of across sectional structure of the 

contact section between, the .active; layer 16 of the se.cond.TFT.ahd 'the ah ode. 52 of 
the organic E L element 50. according to the fourth em bodim ent: • 

Fig. 19 is a diagram showing yet another example of. a cross sectional structure of 
the contact section between the active layer 16 of the second TFT and the anode 52 
of the organic EL elem ent 50. according to the fourth embodiment.. 

Fig. 20 is diagram showing another exam ple of a cross . sectional structure, of the 
contact section between the. active layer 16 of the second TFT and the anode 52 of 
the organic EL element 50 according to the-third embodiment. . 
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DESCRIPTION OF PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention (hereinafter referred to simply as 
embodiments) will now be described referring to the drawings. 

First Embodiment 

Fig. 2 shows a circuit structure of one pixel in an active matrix type EL display device 
having m rows and n columns according to a first embodiment of the present 
invention. As shown in Fig. 2, each pixel comprises an organic EL element 50, a 
switching. TFT (first TFT) 10, an element driving TFT (second TFT) 20, and an 
storage- capacitor Gs, and is constructed in a region surrounded- by . a; gate line-GL 
extending in the row direction and a data line DL extending in the column direction. 
In the first; em bodiment, a compensation TFT 30 having. the conductive characteristic 
opposite of that of the second TFT 20 is provided, between "the. pow er supply line VL 
:and the second TFT 20.. The :gate : and either the;-. .source. ..or- the :drain of the, 
compensation TFT 30 .are • connected to provide a diode connection. The diode is 
connected in th e." forward direction between the: power supply line VL and the second. 
TFT 20. Thus, the compensation TFT .can , : be^ operated . without, supplying . any. 
designated, control signal. . V . . . , 

The: first TFT 10 is. turned on by receiving. 1 a gate signal at its gate. When' the first 
TFT 10 is turned on; the data .signal supplied to the.- data line QL is held at the 
storage? capacitor Cs connected between the> first and second TFTs. 1.0 and 20, arid 
the. potential. at one electrode of the storage capacitor Cs becomes equal to the data 
signal. The. second TFT 20 is provided; between; the power supply, line. VL and the 
organic EL elem ent (the anode of the element^ 50j, and- operates: to -supply .a current 
corresponding to the voltage value of the data signal applied- to its gate, from the 
power, supply. line : .VL to the organic EL element 50. In the exam pie show n in Fig. 2, 
an' nch-TFT which 1 is capable- of highspeed response is used for the first, TFT ; :10: 
and :a.pch-TFT is used for, the .second TFT 20. i . 

An nch-TFT having a polarity opposite that of the second TFT 20^ is .used for. the 
^compensation TFT 30. When the: I -V: (current-voltage) characteristic:. 6f the second 
TFT. 20 is varied,: the L-V. characteristic of the^com pens atioh TFT 30 is' varied in . the* 
o'ppo;site : .:directioh; thus, com pensating- for the characteristic variation of the r second 
TFT 20. . 

Fig. 3. show's l-V characteristics 'of an rich-TFT and a pch-TFT which use 
polycrystallihe silicon for the active layer. In the nch-TFT, when the voltage applied to 
the gate exceeds a predetermined positive voltage(+Vth), the. current value is rapidly 
increased. Inthepch-TFT, on the other hand, when the. voltage applied to the gate 
becomes less than a predetermined negative voltage (-Vth), the current value: is 
rapidly increased. In ah nch-TFT and a pch-TFT formed on the same substrate, for 
example, when 1 the threshold value, +Vth, of the nch-TFT is varied by an increase, 
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that is, shifted to the right in Fig. 3, the threshold value, -Vth, of the pch-TFT is 
shifted by about the same degree to the right of Fig. 3. In contrast, when the 
threshold value, +Vth, of the nch-TFT is shifted, to the left, the threshold value, -Vthi 
of the pch-TFT is also shifted to the left. For example, due to a variation in the 
manufacturing condition or the like, when -Vth of the pch-TFT used for the second 
TFT 20 of Fig. 2is shifted to the right, in a conventional device, the amount of 
current supplied to. the organic EL element 50 under the same condition would 
immediately be reduced. However, according to the first embodiment, the amount of 
current flowing from the com pens ati on TFT 30, which is provided between the second 
.TFT 20. and, the,. power supply, I ina .VL,and .which, is. constructed from. .an nch-TFT,, is 
increased. - • 

According to- the first: ;em bp dim e\nt„ as .shown in Fig. 2, a second TFT. 20. "and a 
compensation TFT:30 of opposite polarity are provided betw een the power supply line 
VL and the: organic-.E L element: 5.O.. The two: TFT s are. thus balanced. That is, the 
am ounts of current flowing from thes,e;TFTs always. com peris.ate.for each other.. In the 
circuit structure of the" first embodiment,, due to' the presence*: of the compensation 
TFT 30, the, m aximum current value which' Vcan* be supplied to the organic RL element 
50; is less than that in the conventional- circuit structure shown in Fig. 1 which does, 
not. have the compensation TFT 30.. However, because the identification sensitivity of 
human eyes at a high brightness fs. significantly lower than that at an intermediate ■■ 
brightness, a. smail reduction "in the maximum current valuewhi.ch can be supplied' 
does- not significantly, influence the.display quality. On the other hand; because the 
second TFT 20 and ,f he com pen sat ion. TFT 30- adjust J he eurrent.flow ing.from each 
other in each pixel, the variation in the amount of .current supphed : to the organic EL- 
element 50: among the pixels: can be reduced- 
No w re f e rri n g to Figs, ;4A a n d ■ 4 B , a n *..ad v an t a g e: b bt a i n e d : b y t h e ci rc u it ! s t ru ct u r e of 
the first embodiment will be described. Fig, 4 A show's 1 the relationship rbetween the 
.applied voltage; (data signal) and. the. illumination brightness for an example case 
where/the qrganic EL. element: is. HI um' in ate d by the:pixel :circuit structure,of> the first 
embodiment shown in Fig,,. 2:,Si mile rly, Fig,- 4B shows, the relationship, between the 
.applied voltage. (data signal) and . the? illumination brightness .for an example .case 
wherein the. organic: EL ele mentis. ilium inated by the: conventional: pixel circuit structure, 
shown in Fig. 1. The setting in both Figs. 4A. and AB is such that the requested 
maximum brightness with respect to the. organic EL element occurs at the applied 
voltage (data signal) of 8V,. and the gradation display Is 'perform ed at an applied 
voltage between 8V and 10V. The three samples in Figs. . 4 A and 4B respectively, 
indicate illumination brightness characteristics for cases wherein organic EL panels 
having circuit structure respectively of Fig: 2 and Fig. 1 are formed under different 
m anufacturing conditions. In otherwords, thesesamples indicate illuminationbrightness 
characteristics for cases where the characteristic of the TFT in the pixel section is * 
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deliberately varied. 

As is clear from Figs. 4A and 4B, with the conventional circuit structure, the 
brightness (luminance) characteristics for the three samples having different 
characteristics for TFT in the pixel section significantly differ from each other at the 
set voltage range for deta'signals between 8V and 10V. In contrast; with the circuit 
structure according to the first embodiment, although the. characteristics differ from 
each other at the high-brightness region to which human eyes are insensitive, the 
brightness characteristic difference among the three samples at the' 
interm ediate-brightness region is very sm all. Therefore, by employing a circuit structure 
as d esc ri bed ' i'rY the' first em bod i me rit ' fo r sc hi p tx e I; ev e in' w he n t he **c h ar a c t eni t i c' 6 f 
the TFT is varied, in particular, even when the characteristic of the EL element 
driving TFT 20: which has. a'; large influence's varied,. .! he variation can .be 
compensated by the: compensation TFT 30 of an . opposite polarity, thus enabling 
inhibition of the variation in- the illumination brightness -:of the ■ organic EL- element. 

Fig.,.5: shows .anotherexam ple.:circuirstructure accordingyto the. first/em bodirrvent The 
circuit structure of " Fig. 5 differs; from: that of Fig. 2 in that the ' second TFT 22 is= 
constructed using:an nch-TFT and the compensation /TFT 32 is constructed. using a 
diode connected pch-TFT: Similar to the above structure; with this structure, the 
variation in characteristic- of the- second TFT 22 can be compensated by the - 
compensation TFT 32. ' . 

Fig . 6 shows, yet another example of a circuit structure according to the first 
embodiment. The circuit structure of Fig. S differs from that of Fig! 2 in that a 
plurality of second TFTs are • provided in parallel between the com pensatrori TFT 30 
and the organic. EL element 5.0. The polarity of the TFTs are identical to that in Fig 
2; that is, the. second TFTs 24 are of pch and the compensation TFT 30 is of ncK 
The. gates 'of two/second TFTs 24 are both connected to the first TFT; 10 and: to the 
first electrode of the storage capacitor Gs. Each of the sources is. connected, to the 
c q rri pen s at i o h TFT 3 O. an d • e a c'rf b f t h e . "d r ai n s i s ; bp n n act e d t ri t h e ' b rg ian i c E L e I e m e n t 
,50. In this mah.nerj by .providing: a plurality of the sacond TFTs; 24 in parallel, it is 
possible to further." reduce, the .variation* in the . current, supplied to the: organic EL 
element . due to the'. : characteristic variation of the second. TFT. 

If the target current value for eaclvof the two second TFTs 24 is assumed to be i, 
the total target current value for the two second TFTs 24 would -be 2L .Even :when 
the current: supply; capabiMty for one of the second TFTs 24 is reduced to i/2\due to, 
for example, Variations, the other second TFT 24 can continue to flow a current of i, 
and a total current of (3><2)i can be supplied to the organic EL element/ where the 
target value is 2T- ln ; . the worst case, if the current supply capability of one- of the 
TFTs becomes 0 ; a current of i can be supplied to the organic'EL element by the 
other TFT in the example shown in Fig.! 6. The advantage of such a structure can : 
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be readily seen when one considers a case wherein the current supply capability 
becomes 0 in a circuit having single second TFT 24 and the pixel becomes deficient. 

Each TFT in the first embodiment is obtained by polycrystallizing an a-Si by a laser 
annealing process-. When a plurality of second TFTs 24 are provided in parallel, it is 
easy to. arrange the positions of the second TFTs 24 so that the laser is not 
simultaneously irradiated toactive layers of both .second TFTs 24 by, forexample, 
shifting the formation positions with respect to the laser scan . direction. By arranging 
the second TFTs 24 in this- manner, the probability that all second TFTs 24 become 
deficient can be significantly reduced, and thus, characteristic variation caused by the 
laser anniea1in : g"'can' be* minimized; In ad dit Jon; :as described above, because a" 
compensation TFT 30 is provided; between the second TFTs 24 and the power supply 
line- VL, even when there is a shift; in the .threshold value of the second TFTs! 24 
due to the variations in conditions such as, for example, annealing;cond.ition, the shift, 
can' be -alleviated by, the- .cq/npensation TFT 30... 

Fig.. .7 'shows, a further .example;- pixel circuit structure according to the; first; . 
embodiment This circuit structure, differs from- that* shoyin in Fig. 6 in" that not. only . 
are the second TFTs .24 provided in plurality, but -that A he- compensation TFTs are 
also provided Jin plurality. Each.com pen sati on TFT 34 is provided between the power 
supply line VL and. the. second TFTs 24. As shown in Fig. 7 t by. providing a plurality 
of. compensation TFTs 34, variations in the current supply capability generated am.ong 
the compensation TFTs. 34 can be alleviated and, thus, reliability of reduction in 
variation in current supply capability to the organic. EL element 50:can be enhanced. 

Fig - 8. shows;. :bne<: exiam ple^ pir:.the-p!irier ? structure pi the, organic: EL display,, device 
having a : c'i rcliit;s1rb ct'U rk; s h.dryyi.n 1 n. Fig ; , : 7..:.Fig ; , SA, is. ,eu : schem atic .cross Section along 
the A -A line in Fig.. 8, Fig. 9B is, a schematic cross section along the B-B line in 
;Fi.g..;8- arid- Fig, 9C. is a ; schematic.:, cross section along, the C-C line in Fig... 8; In.. 
Figs.. 9A through 9C, the layers, (films). that. are sim ultanepusly..forrh ed are.assigned 
•the same refe re hce' numeral ex b different. 

As'..shownih Fig." 8, each' pixel includes a .first TFT 10, a' storage capacitor Gs, two 
pchTsecond TFTs 24; two rich-corn Derivation TFTs;34 which are..diode-connected 
b e tw. e en theV power supply line VL and the. second ; TFTs- -24; and an organic El- 
element 50 connected to-the drains of the second TFTs 24. In the example of Fig. 
8, although the configuration is not limited to the one shown, a pixel is placed in the 
•region surrounded by a gate line GL extending ...in the row direction and a power 
supply lineVL and a data line D L both extending in the column direction. Also, in the 
example of Fig. 8, delta arrangement is employed for realizing a m ore high resolution 
color display device, wherein ; the positions for R, G, and B pixels are shifted at each 
row, and consequently, the data line DL and the power supply line VL are.- not 
straight, but extend in the column direction through the gap between pixels having 

49-14 



PATENT APPLICATION 



positions shifted for each row. 

In each of the pixel regions, the first TFT 10 is formed near the cross section 
between the gate line GL and data line DL As an active layer 6, p-Si obtained by 
polycrystallizing a-Si by a laser annealing process is used. The active layer 6 has a 
pattern where it steps- over twice the gate electrode 2 which protrudes from the gate 
line GL Although a single gate structure is shown in Fig. 7, in the circuit, a dual 
gate structure is' em ployed. The active layer 6 is form ed on a gate insulation film 4 
which is formed to cover the gate electrode 2. The sections of the active layer 6 
immediately above. the gate electrodes 2 form channels and source region 6S and 

drain' region '6D".to which ah impurity is doped 'are; forme:d around the channels': 
Because it is desirable that the first TFT 10 responds quickly to. the selection signal 

output on th8;-gatqJin.e;-GU;j!^PUf?.y such as phosphorous (P)/is doped into; the 

source region 6S and the: drain region 6D; to form ah nch-TFT. 
The.:drain region 6D. of the first TFT 10 is -connected,- via. a contact. hole. -opened in 
• : an r interlayer insulation film 14 formed to. coyer th &, entire first TFT 10, to the .data 

Ijne DL formed on top of the interlayer insulation film V4\ 

The source region ; 6S of the first TFT 10 is connected to the- storage capacitur Cs. 
The storage capacitor Cs is formed in the region where a 'first: electrode 7 and a 
second electrode 8 are overlapped with the gate insulation film .4- in between: The 
first electrode 7 extends, in the row direction in Frig. 8, similar to the gate line- GL, 
and is formed integrally with a capacitor line ;S L form ed from, the same, material as 
"the gate. The..second ; electrode 8 is integral with the . active layer (semi conductor 
layer) 6: : of the; first TFT 10 and;is conitrb : c.ted .by.thfe^a^tiv^iayer^iS: extandi-rlg id^the^- 
rdrmation position of rhe>firstrelectrb^e'7. The second .electrode, 8 is connected; to the 
.gate ' electrodes- 25 of the,; second TFTs 24 via a connector 42. 
The cross sectional structures for "the two pch-secbrid TFTs. 24 and the; two; 
nch-compensation TFTs 34 are.shbwh in' Fig. 9B : :The second TFTs; 24 .and the 
.'compensation TFTs' ; 34 use a semiconductor layer 16 patterned in an island T like , 
manner for each TFT in';the direction along/the data, line DL.(pqwer supply line VL), 
.as- an active layer. Therefore; in this- ex am pie, the channels 0 f: the second TFTs 24 
and of the compensation TFTs 34:are arranged'so th, at- the channel length direction 
is along the data line. DL, that is, along the longitudinal direction of the pixel having 
an elongated shape. The semiconductor layer 16 is simultaneously formed with the 
active layer 6 of the first TFT 10,.and. a p.olycrystalline silicon, formed, by 
polycrystallizing a-Si by a laser annealing process is used .as the semiconductor layer 

16. ' . • : ■ ... , 

The compensation TFTs 34 placed at' both ends of Fig.. 9B are connected at their 
respective drain region to the same power supply line.VLvia a contact hole opened 
in the interlayer insulation film 14. A gate electrode 35 is provided immediately below 
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the channel region of the compensation TF.T 34 with the gate insulation film 4 in 
between. The gate electrode 35 is a layer formed .by the same material as and 
simultaneously with the gate line GL, and is connected to the power supply line VL at, 
a contact hole, as shown in Fig. 8. Therefore, the compensation TFTs 34 construct 
diodes in which both gates and drains are connected to the power supply line VL, as 
shown in the circuit diagram of Fig. 7. The source region of each, compensation TFT 
34 is provided to be distant from the source region of the second TFT 24 
constructed from a pch-TFT; and is connected to the source region of the second 
TFT 24 by a contact wiring 43.. 

Similar to the gate" ejectr ode 35' "of th'e'cbm pensation'TFTs':34; each' gate* electrode 
25 of the second TFTs 24 is a conductive layer formed from the- same material as 
and. simultaneously with the; gate line GL. The conductive; jayer Is .connected, to. the 
second electrode 8 of the storage capacitor Cs via the. connector 42, extends from 
the formation region .of -thexstorag.e,, : capacitor/ Cs, .along, .the power supply line VL,. 
.extends further under the : active layer 16, and form s.eaclp pfth.e gate, electrodes 25 
of the two second TFTs 24. ;; . 

The organic EL. element 50 has a cross sectional structure. as shown in, for example, 
Fig: 9C, and is formed on- top of a/flattening; insulation layer -18. provided over entire 
substrate for flattening /the upper surface after each of the TFTs are formed as 
described above., The. organic EL element 50. is constructed by iam'inating an organic 
layer between an anode (transparent- electrode), 52;and ,a cathode (metal electrode) 
57 formed at ..the uppermost layer .and common to all pixels. . Here, the anode 52 
: and the . source region , of the second TFT 1 .24 . are, noj- directly .connected, but: are 
bonne cted via ' a r " connector ! 4QSwhi.ch' const ructs^ a wiring layer 

In the first embodiment, as shown in Fig. 8, two second TFT s;24 ; are both connected 
to a connector 40: . and the,- connecter 40 contacts the; first electrode. 52 = 'of the 
organic EL element 50 at one contact point. In pthej .wbrds;'the organic EL element 
50 i's connected tp*; : n' second TFTs' 24-at;contacV.j3oj'nts haying;.the number equaljto 
.or smaller than (n-1),. Because the:.'cpntactrregion spmetimfes/.-become a., 
non-illuminating region; by minimizing the number -of, contact points between the 
organic EL element 50 and thev cpnne : ctor 40 (second. TFTs .24), it: is possible, to 
maximize the" illumination region, Another example related to the. number of contacts ; 
will be described later as a third embodiment. . •- . f , 

In the first embodiment, as show n in- Figs. 8 arid 9C, the connection position between 
the connector 40. and the anode 52 is arranged 1 so that it is shifted from the ^ 
connection position between the connector 40 and the second TFTs. 24. In the 
emissive element layer 51 which will be described later and which includes an organic 
compound, electric field -concentration tends to occur at a locally thin regiop, and 
degradation may be caused from the region where electric field concentration 
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occurred. Therefore, it is desirable that the formation region of the emissive element 
layer 51 in which. an organic material is used be as flat as possible. In the upper 
layer of a contact hole, a recess due to the contact hole is produced, and the depth 
of the recess becomes larger as the contact hole becomes deeper. Therefore, by 
placing the contact hole. for connecting the connector 40 and the source region of 
the second TFTs 24 at a region outside the form ation region of the anode 52, it is 
possible to make the upper surface, of the anode 52 onto which an organic layer is 
formed as flat as. possible; An example for flattening the upper surface of the anode 
52 will be described later to illustrate a'fourth embodiment of the present invention. 

The 'em issive'elem.e.nt layer (Organic layer) 51 comprises; from the' side of the a node, 
for example,, a first hole transport layer 53, a second . hole, transport ' layer 54,. an 
organic emissive. layer 55, and,, an el ectrpnvtranspo.rt .layer 56 lam in ate d in , that;, order. 
As : an example, the first hole transport layer 52 includes , MTDATA:4;4',4"-tris(3- 
m et h y I p h e n y I p'h i e n yla m i n o )t ri p h e.ny I am j n ie; : t h e .s e co n d , ho I e • t r a n sp o rt I ay e r 5 4 i n c I u d e s . 
TPPiN.N'-pliphenyl.-N^'-dlCS-m ethylphenylH,l , ~biphe,n^l"4,4'-dj organic . 

emissive layer 5.5 includes, although dependent on the target illumination color of R, 
G,andB,forexam pie, BeBq£is(lO-hydroxy : benzo[h]q^ 

quin acrid one derivative,, and the electron transport layer 56' is. constructed from BeBq. 
In . the example of the organic EL element 5*6. shown in Fig. 9C, the layers (53,. 54, 
56, and 57) ojherthan the anode 52 constructed from, an ITO, (indium Tin Oxide) or 
the like and the organic emissive layer 55 are formed to be common to every pixel. 

Another example of the structure .of the EL element can be constructed by 
sequentially laminating the jayers of (a): trans parent,- layer (anode); (b) a hole transport 
l.'aye r construct e d from N BP; (c) an emissive layer i n cludi n g re d (R) c on structe d by 
doping a redddpant (DCJTB) into a host m aterial (Alq 3 ), green (G) constructed by 

doping, a green dopant (coumariri '6); into a. host material (Alq 3 ), and blue (B) 
constructed by doping a blue dop;arit;'(per^l.ene host material .(BAIq).; (d) an 

electron transport layer constructed fromAlqj fe) ap-eledrd 

from lithium fluoride (Li F)j and (f) -elect rode (cjath'od.e-)'; constructed from Alum inum (Al): 
The official names of the above: materials described in abbreviations are as 
fo!lows: H NBP" : N ; .N«- Di((naphtha!eh^ 

"Alq 3 n : Tris(.8-hydrpxyquinol.inatp)alumm * 

"PCJTB" : (2-(l,l-Dimethl.ethyl)-6H2^2,3,6,7-tetrahydro-lJ -tetram ethyl-lH,5H- 
benzo[ij]quinolizin-9-y!)etheny0^ 

"coumarin 6": 3-(2-Benzothia2olyl)-7-(diethylam ino.)coum arin ; and 
"BAIq" : (U'-Bisphenyl^-Olatojbis^^ 

The present invention, however, is not iimited to these configurations. 
In a pixel having the structure as described above, when a selection signal is applied : 
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to the gate line GL, the first TFT 10 is turned on.^The potential of the data line DL 
and the potential of the source region of the first TFT .10 connected to the second 
electrode 8 of the storage capacitor Cs become equal to each other. A voltage 
corresponding to the data signal is supplied to the gate electrode 25 of the second 
TFT 24, and the second TFT 24 supplies, depending on the voltage value, a current 
to the anode 52 of the organic EL element 50, which is supplied from the power 
supply line VL via- the compensation TFT 34. With this operation, a .'current based on 
the data signal can be accurately supplied to the organic EL element 50 for each- 
pixel and, thus; uniform display without variation can be achieved. 

As : 'sh dw h' i n" ' Fi g.. . 8; be call se':a* p lu rali ty ■ of (in' this ex am pi e/'two) co'm pe n sati bn TFTs 
34 and second TFTs 24 are- provided between the power- supply line, VL and. the 
organic EL elem ent 5Q: in that, order;, wrier! a : char acteristic- shift :.: or deficiency is 
generated at oneof these, TFTs due to a variation, the variation in the supplied 
•amount of current; which " is : determined by the total of the plurality of groups, is 
.alleviated : due to. the presence- of the oth-e.r TFT haying -.aorm al characteristics. 
In the planer placement shown; in Fig. 8; a polycrystalline- silicon layer produced by 
pqlyerystallization\by laser ^ annealing process is used ps the actjve layers. The 
annealing process may. be perform ed, f or exam pie, by scanning a laser beam which is 
longer in the row direction of the figure, in the column ' direction.. Even in such a 
case, the' channel direction of the first, TFT :i 6 and the length channel 'direction of 
the active layers of each of the second and compensation TFTs 24 and 3*4 do not 
coincide, and the formation positions for the first and second TFTs io and 24 are far 
;ap.art'.. ' Therefore, it i s : 'p bis ibJ'e^to'.. p rey e pt si ; m ullahejb'us generation of .failures in .the 
first and second TFTs 10 and 24 and in the second and. compensation TFTs. 24 and 
.34; by the laser annealing! 

In the . above, all of the first TFT 10, second TFTs ,.24, and compensation TFTs'34 
are described .as ,a. bottom 'gate structure,, but these , TFTs can have a, top gate 
:.s'tructure wherein the gate., electrode is formed on. an uppje'r layer' than theL/aic^iye 
layer; .■ ■ * . « - , ■ :. 

As: described above; according to. the: first-em bo dim ent, it. is/.pqssible.-to alleviate, 
variations in characteristic of the transistor for supplying pow er ,tb. an . element .to be 
driven such as an organic EL element and, thus, it is. possible to average the 
variation in the supplied power to the element to be driven and to. prevent variations 
in illumination brightness^ (luminance); or the like at the el'ement to be^ driven: 

Second Embodiment * j 

A . second embodiment of the present invention will now be described. In the*' first 
embodim ent, in order to prevent variation in the illumination brightness among pixels- 
as a result of characteristic variations in the transistor, a compensation thin film 
transistor having an opposite conductive characteristic as the el em ent, driving thin film 
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transistor is provided. In contrast, in the second embodiment, the variation in the 
illumination brightness among pixels is inhibited by considering the placement of the 
element driving thin film transistor (second TFT) . Figs. 10A and 10B show an 
example configuration of one pixel according to the second embodiment. Fig. 10A is a 
schematic planer view and Fig. 10B is a cross sectional view along the B-B line in 
Fig. 1 OA. This structure is shown with the same circuit structure as that of Fig. 1. In 
these figures, the. components corresponding to those.in the drawings that are already 
explained will be referred to by the same reference numerals. 

In the. second embodiment, one pixel comprises an organic EL element 50J a first 
TFT Csw itching' 1 thin'film transistor); 10; a storage •capacitor Cs, and a secern d' TFT 
(element driving thin film transistor) 20. In contrast to the first, embpdirn ent,. a single 
second- TFT 20 Is formed between the power supply, line VL and the organic EL 
element 50, and the secondTFT 20 is placed so that its channel length direction is 
ajpng . the longitudinal, direction-of the pixel formed in :ah elongated shape, sim ilar, to 
t he -.configuration shown in Fig. 3. In the second embodiment, by arranging. the second 
TFT 20 so that : the channel length direction is along t.he Iringitudinal direction of the 
pixel region, the: illumination region of the organic element/50 can be- maxim i zed, and, 
:.arthe sam e timer, the necessary TFT can be efficiently . placed in one pixel, region 
which has a limited area, even in the.-case where a second TFT 20 having a long 
channel length is to be placed or in the case where a second TFT 20 and a 
compensation TFT 30 must be placed between the power supply line VL and the 
organic EL element 50 as shown in Fig. 8. 

ih.the s.eco.nd embodiment, by placing the second TF : T. 2Q : in the. longitudinal direction 
of' the; pixel, the^chanheriengith of the. second TFT ^20 ; :carv p e le n gibe ne.d to a 
sufficient length, as shown in Figs. 10A and 10B. By lengthening the. channel length 
of the second TFT 20 tp\a sufficient : length,, the reliability can be im proved because 
the: durability of the TFT; is improved: Moreover, this configuration -e 'nald j'l es averaging 
of the transistor- characteristic. o.f the second TFT 20, and,'thus :enables reduction in 
variations, in the current supply .capability of the second TFT 20 among; pixels: The 
reduction of capability variation ithen allows for significant reduction pf:the variation in 
the illumination brightness of the: organic EL element;50 caused by ;such;.a ; cap ability 
variation. 

In the second, embodiment, the second TFT 20 uses a polycrystalline silicon layer 
obtained by polycrystallizing an amorphous silicon layer by laser annealing as the 
semiconductor layer (active layer) 16; similar as in the first embodiment. In this case, 
by. setting the scan direction of the laser annealing, to coincide with -the channel 
length direction: of the second TFT 20, that is, by placing the irradiating, region of the 
pulse laser so that the edge in the longitudinal direction crosses in the width direction 
of the channel 16c and by lengthening the channel length of the second TFT 20 as 
described above, the characteristics variation in the second TFT 20. can be reduced 
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because it is easy to adjust the laser so that the entire channel region of the second 
TFT 20 is not annealed by a single laser shot, and because generation of a large 
difference in the characteristic of the second TFT 20 among other pixels can be 
prevented. Thus, it' is possible to obtain even higher averaging effect on the 
characteristic of the second TFT 20. 

It is desired that the second TFT 20 supplies a relatively large current, from the 
driving power supply (power supply line VL) to the organic EL element 50. When' 
ap-Si TFT which uses polycrystaliine silicon for the active layer 16 is used for the 
second TFT 20, the. mobility. of p-Si is sufficient with respect to the desired capability, 
and/thus; the^- secbnd TFT V 20 *c supply-capability " even 

when the channel length'is/designed to be lengthened. Because the second TFT 20 
is directly connected, to thelpo.w.er supply Jihe VL, the required/durability is high; and. 
.consequently, it is. often desired -that the channel .length GL be; longer .than the 

channel width; Thus- in addition tosthe above -Viewpoint, it is. desirable that the 
channel length .of- the. second TFT 20 bejengthened to. .a. sufficient -le.ngth. , By .f orm ing. 

the second TFT 2Q so that the -'channel length direction' is along the longitudinal 

direction of. the pixel- region- the. rsectfnd TFT 20 with; ;a long channel -can be 

efficiently placed within one. pixel r region. 

In a display device constructed by arranging a plurality of pixels on the display 
surface in a matrix form, the. s.hape of each. of the/pixels tends to be designed to 
have a shape that is longer in the column direction as shown In Figs. 8 /and 10A. In 
such a case, by placing the, second TFT 20 so. that the channel length.. direction is 
\along the column dire.ction, :th.e:.. channel length / would, be. .along the ; - longitudinal, 
direction of the "pixel negiorv-ari^ le^gth*'aV : 'd'e ; scnbecJ ati.ove • 

can be easily secured.' 

As shown in the second' embodiment, ih ah active matrix type ^dis^fay devi'ce--whereiri 
a switching element is provide d; in each/pixei for. driving the display element; a data 
line DL for supplying a. data signal to .'the first : TFT TO; is. provided mlhe .column 
direction and a selection li.ne|.(gate line) GL is. provided in- the row direction: ' By 
placing the second TFT 20 .sq. that; its channel length direction is alohg .the extension 
direction of the.- data line D L (co.Jum n ;d ire ctibn), efficient placement. of the : secohd TFT 
.20 within the pixel region while securing a Jong, channel length can- be facilitated: In 
the example shown in Figs. 1 OA and 10B/ a layout wherein the .power is supplied from 
a driving power supply Pvdd. to each* pixel by the power supply line VL is. employed. 
Because the power supply line VL also extends in the column direction similar to the 
data line, the channel length direction of the second TFT 20 also coincides with.the 
extension direction of the power supply line VL. 

In the second embodiment, as described above, the second TFT 20 is arranged so 
that its channel length direction coincides with the scan direction of the laser 
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annealing or is parallel to the column direction (extension direction of the data line 
DL), but the first TFT 10 is placed so that its channel length direction coincides with 
the extension direction of the gate line GL, that is, the. row direction. Thus, in the 
second embodiment, the first TFT 10 and the second TFT 20 have different channel 
length directions. 

A cross sectional structure of the. display device according to. the second em bo dim ent 
will now be. described referring, to Fig. 10B. Fig. 10B shows a cross sectional structure 
of the second TFT 20 and the organic EL element 50 which is connected, to the 
second TFT 20. The first TFT 10, which is not. shown, has a basic structure similar 
to that of the second TFT "20- show n irT" Pig. 10B;"with the : exceptions that the.' first 
TFT 10 has a. different channel length, a double gate structure, and a different 
conductiye;;type for the active layer 6. 

The- first TFT and second TFT shown in the, first .em bodjment both .have a bottom 
gate structure, but ""the first ,JFT 10:»and the: second TFT '20 of. the second* 
embodiment have: a top gate' structure wherein the gate Reject rode, is- formed on an 
upper layer than the actfve ; layer. The ".structure of the second embodiment is not 
limited to-the top gate structure, :and a. bottom gate structure may ajso be employed. 

The active layer i 6 of the second TFT 20 and the. active layer 6 of the first TFT 10 
are both constructed from- polycrystalline silicon obtained by laser annealing and 
pbiycrystallizing. an amorphous silicon layer'formed on. a. substrate 1; as described 
above. A gate insulation film 4 is. form ed .on: top of the. active layers 6 and 16 
constructed; form polycrystalline silicon. Each of the- g.ate\;electrodes 2 and 25 
respectively- of the first TFT 10 and of the second. TFT 20 is formed o;n the gate, 
ihsulatiqri film 4 V The; gat'.e ; [electrode. .25 of.';tbe second TFT 20 is;. connected. ..to the- 
second electrode 8 of the storage capacitor Cs.which is integral with the active layer 
".6: of. the: first TFT. ljQV As shown in Fig:.- 10A, the. gate: electrode 25 is -.patterned so 
that it. .extends' from the connection section with the storage chpacitb.r Cs' in the*, 
column direction and widely covers* the of the gate insulation film 4.abpye:.the . 

active, layer 16: 

The region of... the active .layer -16 of the second TFT 20 which, is covered by the 
gate electrode 25: at the? 'top is- the channel region 16c. A source region 16s, and a. 
drain* region 16d are formed at both sides of the channel region 16c. In' the -second- 
embodiment, the source region 1.6 s' of the active -layer. 16 is electrically connected to 
the power supply iine VL near the '{sto'rage capacitor Cs via a contact hole formed to 
penetrate through the gate insulation film. 4-and the in.terlayer insulation film 14. The 
drain region 16d is connected to a-connector (wiring layer) 40. near the gate line GL . 
which corresponds to the next- row of the matrix, via a contact, hole formed to 
penetrate through the gate insulation film 4. and the interlayer insulation film 14. The 
connector 40 extends from the connection region with the drain region 16d to the 

49-21 



PATENT APPLICATION 



formation region of the organic EL element 50, and is electrically connected to an 
ITO electrode (anode) 52 of the organic EL element 50 via a contact hole formed on 
a first flattening insulation layer (planarizating insulation layer) 18 which is formed to 
cover the interlayer insulation film 14, power supply line VL, and connector 40. 

In Fig. 10B, only the central region of formation of the anode 52 of the organic EL 
element is opened above, the first flattening layer.18. A second flattening 
(planarizating) insulation layer 61 is formed to cover the edge of the anode 52, wiring 
region, and the formation regions for the first and second TFTs. The emissive 
element layer 51. of the organic EL element 50 is formed on the anode 52 .and the 
second flattening" insulation layer : 6L A metal electrode 57' which" is'' common to 'all 
pixels is formed on top of the emissive element layer 51. 

The relationship, between the channel length CL of the: second TFT 20; and. the 
moving pitch P of the laser will now .be explained. As described above, it is. desired 
that the channel length CL of* the. second TFT 20 be sufficiently long. Inrorderto 
prevent'rannealing of the: entire: channel region by one pulse; laser, it : is: p referable to 
set: the' moving pitch P of the laser and the channel length C L'so that 'P : < CL. In 
some cases, the = moving pitch P is adjustable accord in g^o the setting of the optical 
assembly system- of the .laser . annealing - device or. the like. In such a. case; it is 
preferable that the device be adjusted so that- CL > P.. In a- display device having, a 
resolution of about 200 dpi, for example; even when\the length in the pixel row 
direction is about 30 m, about 80 m can - be secured ' in the column direction. 
Moreover, in a configuration wherein. the moving pitch P of the ; laseris. between 20 m 
and .35 hi,, by placing the .second TFT 20 s.O:,th,at : its .channel; length .direction is : along 
the pixel longitudinal, direction; : a length of , 50m tb 80 m can- be; secured as. the: 
-channel length CL, and thus, the above relationship, can be ; \sati.sfied.- With such a 
relationship, the.channel region- 1.6c:pf the, secqhd TFT 20 is always polycrystajliz ed by 
a plurality of pulse laser irradiations,; arid it. is -pos sib le; to reduce -the, difference in the 

.characteristic: from the second TFT 20 of -other .pixels which :are similarly 
.polycrystallized by a plurality of pulse laser irradiations.. 

In the... above explanation; : .a .single . second;.' TFT 20. is. formed : between the organic 
element 50 and the. power supply .line VL in; one pixeL However,; the. second 
embodiment is not limited to such a configuration; and a plurality of second TFTs 20 
may be provided in one pixel. Fig. 11 shows an exam pie. layout for a case wherein a 
plurality of second TFTs 20 are connected in .parallel between the power.supply line 
VL.and the organic EL element 50. the equivalent circuit of- the pixel structure shown 
in Fig. 11 is similar to the case where the compensation TFT 30 is removed from the. 
circuit shown in Fig. 6: The source regions- 16sa. and 16sb of two second TFTs 20 
are both connected to the power supply line VL and the drain regions 16da and 16db 
are both connected to the anode .52 of the organic EL element 5,0 via a contact 40 
respectively. By providing a plurality of second TFTs 20 in one pixel in this manner, 
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the probability that no current can be supplied to the organic EL element because 
both of the second TFTs 20 within one pixel simultaneously became deficient can be 
reduced, at least to 1/2 or less. 

The placement of two second TFTs 20a and 20b is such that the channel length 
direction of the second TFTs 20a and 20b. is approxim ately parallel to the longitudinal 
direction (in this case, this direction coincides with the extension direction of the data 
line DL) of the pixel region similar to Fig. 10A. With such a. placem ent, it is possible 
to maximize the ilium i nation region and, at the same time, to secure 'maximum, length 
for each channel length CL The scan direction of the laser anneal is set, even in 
Fig.. 11/ to" be para I i el" to'.' both channel' length'directions'.of the two second TFTs 20a 
and 20b. The. active layers 16a and 16b are placed in a straight, line. It is not 
necessary that, trie active layers for a, plurality dr. second TFTs 20a and 20b .be. 
provided pn* a' straight line, but because the channel regions 16ca.*and* 16cb of the 
second TFTs, 20a;: and'' 20b. do. not completely/coincide withr .the laser scan direction 
and are'.som ewhat.shift.ed, , jt is possible, to m ore. rejiably preVenttheicharact eristics, of 
the TFTs -20a and 20b to vary in the same manner. In /other words, because, the 
channel length, direction -is. shifted from each other in th'e laser scan direction,, the 
probability, that the channel for the. two TFTs are simultaneously annealed by. the 
same pulse is reduced- and, thus, the probability of a problem such as,, for example, 
the characteristics- of the second TFTs- 20a and 20b being, shifted from trie set value 
in . the. same manner or simultaneous failure of both transistors can be significantly 
lowered. Therefore, the variation. in .the total am ount of current supplied to :t he. organic 
EL elem ent. 50: am.dng. the pixels can be reduced.. 

It is preferable that both channel lengths CLa and CLb of the two second TFTs 20a 
and 20b be greater than the moving, pitch P of the laser, as described above. 
M oreover, it is; preferable. th.atUhe separation distance L between. the channels 16ca 
ahd:16cb of the plurality: of secbnd TFTs 20a. and 20b be greater' tharr.t he; m dying 
pitch P of t h & la s e r. H b w.e've r,. s w he n a; p I u ral i ty . o f s e co n d T FTs 2 0 is p rp : v i d.e d i n one 
pixel,, ^s shown in Fig. r lT, simultaneous failure in the: plurality of transistors (TFT) 2a 
:and 2b within a pixel, pr./charact eristic shift in the s.ame : manner can b.e prevented 
rand, thus; they redu.ctjq.n. effect in the characteristic, variation " am ong - pixels, can. be 
achieved by .at /le.ast. setting the sum. of the.total channel length of the TFTs- 2Qa and 
20b- and the- separation distance: L to be larger than • the moving pitclr p.. 

As described above,, according to the second embodiment, it is possible to alleviate 
variations in characteristics of the transistor for supplying pow er to an elem ent .to be 

driven such as an organic EL element, and thus, it is. possible -to average' the 
variation in the supplied power to the element to be driven and to prevent variations 

in illumination brightness or the like at the element to be driven.- 

Third Embodiment 
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Amethod for efficiently connecting a plurality of second TFTs 20 and corresponding 
organic EL element 50 within one pixel will now be described as a third embodiment 
of the present invention. As described in the first embodiment and as shown in'Fig. 
li of the second embodiment, provision of a plurality of second TFTs 20 between an 
organic EL element 50 and a power supply line VL within one pixel, is advantageous 
from' the viewpoint of im provem ents in reliability, characteristic, or the like. In a case 
wherein a plurality of second TFTs 20 are provided within one pixel, as shown in Fig. 
11, by respectively connecting the second TFTs 20a end 20b and the organic EL 
element 50, a current can more reliably be supplied from the power supply line VL to 
the organic: EL- element 50 via -the second TFTs 20:-- However; • in an organic EL 
element of the type shown in Fig. 10B in which light from the emissive layer 55 is 
emitted from a transparent anode. 52 to the outside: via the .substrate 1 at the lower 
section, the contact section usually has a light blocking characterise For exam pie; in 
Figs. 9C and:iOB ; the connection between- the; organic El alem ent; 50. and ,th.e,.second 
TFT 20. is. achieved by the wiring layer 40 (connector) w hi ch is a metal wiring, and at 
the contact se ctiqn . between the wiring fayer 40 and the- anode 52, the wiring layer 
40. having :a light/blocking characteristic is present below -the, anode 52: Thus, in this 
region, the: light from the. em issiye\ layer 55>.cannpt pais; through to- the side of the 
substrate 1. Therefore, if n contact sections are provided, between the. second TFTs 
20 and. the; organic EL element 50 to correspond to the n se.cond TFTs 20, the 
illumination area would be reduced in; proportion, to/the^ number, of contacts. 

Therefore; in order to" minimize'the'reductionin the illumination area, it.is preferable 
to set. the number of contacts between the: second JFTs. ; ?Q and the. : organic EL 
element^O to ^be : less than; or equal . to • (h-l); wherein- the number -of second TfTf. 
20 in one pixel Ts. n (n;.2); In Fig. 8 ; and in Figs. \2, 13, and 14 to be described, 
below, n second TFTs 20 and. -the . organic EL element 50 are. connected, with: the 
number of contacts being, equal to. or less than (n-l)„ In the; figures to. be explained, 
below, the components that are com m on to:.the figures already described., will be 
.;as'si^hed the .same- reference, numerals ,a'nd 'will-ncit be described again.. . 

Fig.. 12,show.s. a.cdnt act- met hod between second TFTs ..20a- and 2.0b and arr organic 
EL element .5.0. when. two; second TFTs -20a :and.-20b: are- provided in parallel between 
the power supplyline VL arid the organic EL element 50.. Sim ilar to/ Fig,; 11, 1he : two. 
TFTs 20a and : 20b are placed such. that respective channel length direction is parallel 
to the longitudinal. direction of the. pixel (the extension direction of the data line DL) 
or to the scan direction of laser annealing. Trie TFTs 20a and. 20b:. are also: placed 
.so that they are shifted from each other. With such a . configuration, as . described . 
above, the illumination variation among pixels.can be reduced and "the reliability can 
be'.im proved. .... 
| n ' the example shown in Fig. 12, a semiconductor layer constructed from p-Si . 
patterned into a single island-like manner is used for the active layers 16a and 3.6b. 
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of the second TFTs 20a" and 20b. The semiconductor is patterned so that both ends 
in the column direction are the source regions (in the case of a pch-TFT) 16sa and 
16sb of. respective second TFTs 20a and 20b, and are connected to the power 
supply line VL. Theregion around the' center of the semiconductor pattern defines the 
drain regions (in the case of a pch-TFT) 16da and 16db of the TFTs. 20a and. 20b, 
and the-drain regions are- connected to a single: wiring layer 40 provided between the 
two. TFTs via., a, .common contact hole formed to penetrate through the interlayer 
insulation film 14 and the gate insulation film 4 (refer to Fig. 108). 
The wiring layer 40 extends to the anode formation region of the organic EL element 
50:: Similar to' the orb's s section al sfructo re shown* in E Fig, 1 OB; the wiring layer 40 is 
connected to the anode 52 of the organic EL element 50 via one contact hole 
bp.ened on the' first; flattening- insulation layer 18. . Here; the connection position 
between the wiring layer 40 and the anode 52 is set in Fig. 12 to .be around, the. 
center. of the anode 52 in the long itudjnal direction of the- pixel. The" contact- ppsjtion 
is not limited tft. the configuration of Fig. "12,. ; but by placing/the contact position near 
the center of the anode 52 as show n* in Fig. ; 12/' averaging .effect of the current- 
density can berobtained jn the formation region:ofthe anode 52- which is, constructed 
from arr ITO or the like having a. relatively, -high* resistance compared to -a* metal 
electrode and/ thus, the uniformity of the .illumination brightness at the illumination 
surface, of each, pixel can be improved: . * 

In the. example shown in Fig. 13; the number of second TFTs 20. is increased to 
three. Three. second TFTs 20-1, 20-2, and \2br3 . are connected in parallel between 
the power supply, line VL. and,. the. anode of the organic EL ..element; 5 0. "The/active 
layer 16 of three second TFTs 20 are integrally formed ahd are- set so that the 
:channel length direction is i 'along "the row dire ctiorY in Fig. .13: Each of the channel 
regions: 16fci through 16c 3 of second '..TFTs. -20-1 through' 20-3 are separated in their 
channel width; directions by openings in 'the pattern -of .'.th;e active layer. ]ip.- : , 

H-er.e\ ' th qv.th're e: : &.ecppdTFTs ; 2Q r are ' con n etted to the power supply -line VL at one 
contact . point,, and. also connected to the; anode: 52 of .Jhe organic: EL' elern ent 50. at 
one: contact po.ihtsby a single wiring layer 40. The ..gate /electrode:: -25- is^;c6 : m m onvto 
all three; TFTs,. is electrically connected/to the second electrode 8. of .the, storage ; 
capacitor Cs; arid is constructedTromva. m etal wiring extending irythe -colurn n direction 
from around the storage capacitor C s. I n the configuration example of Fig, 13/tbree 
second TFTs 20-1 through 20-3.are connected to the organic E L elem ent 50 by one . 
contact section. Therefore, the ratio *of 4he .occupational area of the contact; section 
within the formation region of the organic-EL elem ent 50 can be lowered, and thus, 
the ratio of opening in one pixel, that is, the illumination area, can- be increased:: 

In an example shown in Fig., 14, the number of second TFTs 20 is increased to 4. 
The four TFTs 20-1 through. 20-4 are electrically connected in parallel between the 
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power supply line VL and the anode 52 of the organic EL element 50. The active 
layer 16 of four second* TFTs 20 are integrally constructed and the channel length 
directions of the TFTs 20-1 through 20-4 are set to be parallel to the lon.gitudinal 
direction of the pixel region or the extension direction of the data line DL, similar to 
Fig. 12. The four TFTs are arranged in an almost straight line. 

Four TFTs 20-1 through 20-4 are connected to the power supply line.VL at three 
contact points,, and connected to the anode 52 of the* organic E L elem ent 50 at two 
contact points by first and second wiring layers 40-1 and 40-2, In the example 
structure shown in Fig. 14, the source regions 16S, and 16S 4 of the TFTs 20-1 and 
20-4 which are' located 'at th'e Outermost pb sit ions" of the single' active layer 16: are 
respectively connected to the power supply line VL as a separate* entity. The source, 
regions. 16S 2 and 1.6S 3 ;of the: TFTs . 20-2- and . ; 20-:3 which are; located/at the'.'centraj 
position are together connected to the pow er supply line VL/ The. second TFTs\20-l 
:and 20-2 and the organic '.EL element; 50 are .connectgid: as follpws;..Th : e : : fJrairi 
regions 16d t and 16d 2; ,of the : s.e con d TFTs 20-1 .and 20-2 : are conn.ecte.d to a first- 
wiring layer 4.0-1 extending from between- the second TFTs- 20-1 and . 20-2. to the 
elem ent .50,.; and: the. first wiring layer 40-1' extends tp^he form ation regipn : of the 
organic EL elem ent : £0 l and is connected to .the anode -52> of the element: The 
second TFTs 20-3 " and 20-4 are connected to the. organic E L - elem ent< 50, as 
follows. The drain regions 1.6d 3 and 16d 4 of the second TFTs 20-3. ;and 20-4 are 
connected to a secpnd wiring layer 40-2. extending from between, the second TFTs 
20-3 and 20-4 to the elem ent : 50, and the second wiring layer 40-2 extends to. the 
form ation, re gio.n of the organic- E L elem ent 50; and js . : connected to. the anode 52 of 
the element In this manner/ four second TFTs 20-1 thvrpugH 2u^; a>e. cbhne : cfed to 
the organic EL element 50 only at two contact points; in order to inhibit the reduction 
of illumination region caused . by providing four s.ecopd I^FTs 20-1 through 20-4,. 

In the configuration- pT FigVT4;:because the four seed hd^TFTs 20-l;through>20-4 are 
placed. sp : . that ,th!e channel length direction is directed, alrn ost in a straight. I ine.al.ong 
.the longitudinal;. direction , of. the pixel, it is. possible; to efficiently pj ace" the second. 
TFTs 20-1. through 20,-4 , within ope pixel. ... 

As; described above/ according to the third embodiment, by ; .connecting ^ 
be driven and a'tr.ansi.storf or. supplying power to the element: by minimum number of 
contacts, necessary transistors and elemenfs-can be: efficiently placed in- a limited 
area. Therefore, w hen 'an EL .elem ent : is used; for exam pie,-.. as. the elem ent ;tq be 
driven, the illumination area ratio can be improved, in one- pixel unit. 

Fourth Embodiment 

A connection structure between the second TFT 20 and the organic EL element 50 
will now be described referring to Figs. 1*5 through 20.' As described in the third 
embodiment, in a. device in which" light is transmitted through a transparent anode 52 
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and emitted outside from the lower substrate 1 (bottom emission), the contact region 
between the organic EL element 50 and the second TFT 20 is usually a non- 
illuminating region. Also, in order to improve the integration density in m any integrated 
circuits, and in order to improve the resolution in a display device, it is desired to 
minimize the contact. area. From such a viewpoint, when the active layer 16 o 4 f the 
second. TFT 20 is directly connected to- the anode 52 of the organic EL element 50 
or when the direct. connection is not employed and a metal connection layer (Al layer, 
Cr layer or the like) is provided in between for improving the connection characteristic, 
it is. preferable to form the first contact hole 70 of the interlayer insulation .film 14 
.and...the second cpntact;;h.ole...Z2. of. the,, first. flattening insulation layer 1-8., to overlap;, 
each' other, as shown in Figs. 15A and 15B. 

Hpwever,. when a plurality of .contact: holes are ; form ed. to;. overlap each other as 
shown in. Fig.. 15A, the to ; tal step- size ,(h 70 + h72). of the. contact holes become large 
and- thus; the. surface flatness- ,pf the layer formed on top . of the contact hole; is 
reduced. Moreover, there are. sorn^xases- where. a- second, flattening insulation layer 
.61 is used fprvcovering the -edge region of-the anode* 52. as shown in Fig. '15A in 
order to = prevent shortage^ between the aTipde : 52 and jthe: cathode 57 caused by 
coverage failure of the- emissive element layer 51 at the "anode e^ge" re gion-. The 
second flattening, (planarizating) 'insulation^layer. 61 is bpened.at.the central region of 
the-anode 52. Therefore, the opened section' of the second flattening insulation layer 
61is formed near. the first and second contracUhoies 70 and.72, and the formation 
surface of the emissive- elem ent layer 51 will be. influenced also by the step.h74. 
: caused by .the opening of the second flattening Insulation' layer 61. 
In the organic EL element 50; on the other hand, illumination organic compound in 
the emissive layer 55 is i II u mi hated by flowing a. current through the emissive element 
layer :5.1. It. is known that if there; is a large difference in the thickness within the 
layer of the emissive element layer 5.1, an electric field concentration tends tb occur 
■at a portion that: is. thinner than the other .pbrtidns, and a dark spot tends to b : e 
generated at : ; s.u ch ;a portion. . Dark;s;po;ts. degrade; display quality,' and furtherm ore^ 
because dark, spots, tend Xo expand, as the element; is driven,- -each . dark : spqt. 
shortens the: life of ;the> element:, therefore, when the; organic EL elem ent .50. is 
formed at ,;a. layer above the" .contact'; region; it is: Wsi/ed 'to m axjmize the. flatness., of 
the: form at ion surface of the- emissive element layer 51. The contact structure shown in 
Figs. ISA and 15.B in which the emissive element: layer .51 is formed on an uneven 
surface Is not desirable from the viewpoint of im proving 'the reliability of the emissive 
element layer. 51. 

In consideration of the above, Figs. 16A and 16B show an exam pie of a connection 
method wherein the flatness at the formation surface of the emissive element layer 51 
is increased, considering the above. Fig.. 16A shows a cross sectional structure of the' 
contact, section between the active layer 16: of the second TFT 20.and the anode 52 
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of the organic EL element 50. Fig. 16B shows a schematic planer structure of the 
contact section. With exception of the presence of the second flattening insulation 
layer 61 for covering the edge region of the anode 52, and the second TFT being a 
top gate structure, the connection structure shown in Figs. 16A and 16B is identical to 
the structure shown in Figs. 8 and 9 as explained for the first embodiment. The 
connection position between the wiring layer 40 and the anode 52 is placed such 
that it is shifted with respect to the .connection position between the wiring layer 40 
and the active layer 16 of the second TFT 20. By employing such a configuration, the 
anode surface at the contact region between the wiring layer 4.0 and the anode 52, 
bain.g..the f prm.atibn.surtace : ..of. the. emjssive. element. layer 51,.is.only-infl.uenced.by,th.e, 
step h72 caused by the second contact hole 72 and is not influenced by the step' 
h7Q caused by the: first contact, hole JO.as, in the case shown in Figs...l5A and 15B V 
Therefore; as- is-.clear from com parts on betweeh'Fi'gs. 15A~ B and 16A'; B, the flatness 
of the. formation surface for emissiye.elem ent layer, especial ly.at the ilium i nation region 
of each pixel onto which the emissive layer 55 is formed can be improved! 

Fig. 17 shows a method for further flattening the form atign surface of : the; emissive 
element layer as shown in-Fig. 16A. In the . example sho^n in fig. .17, similar to Fig. 
i6A ; the formation position- of the second: .contact hole -72 for connecting the' wiring 
layer 40 and the anode 52... of the organic EL element 50 is shifted from the 
formation position of/ the first contact hole/70, and, in addition, the second contact 
hole .72:is covered by :the second flattening insulation, layer 61. Therefore, the region 
.onto.which the emissive layer 55 is formed is neither influenced by the step caused 
by the first contact hole 7.0 nor by :the step caused by the, second contact ..hole 72. 
The flatness- of the formation surface of the emissive element layer can thus be^ 
TuH herimp roved)-- B ecaus.e the' second- flattening layer 61 covers the edge region' of' 
the anode 52, shortage between the- aho.de : .52 arid.the cathode;..?/' "or the : like, can' 
reliably :b'e preverYted r - 

The. ilium inati bp region, of the o rg an i c : E L : e J e m e nf is a region in which the. anode;' 52; 
and .the cathqde;;57 oppose each other with the emissive layer ;55 in /between, and 
the region in which the. s.econd. flattening insulation layer 61 is form e.d . betw.e.en the 
anode.- 52 :.'and : the- emissive element ...layer .51. does, not i {ruminate. Therefore/ strictly 
speaking, with the. .configuration shown Jn:. Fig. 17, because: the second flattening 
insulation' layer 61 covers not only the edge of the anode 52 but. also: the section 
above the second contact hole 72, the illumination. region is reduced. However, as 
■described • above; when the wiring layer 40 or the like which has a light blocking 
characteristic is formed at a lower layer, the formation region of.the wiring layer;40'- 
wiN.be .a'nonHliuminating region when: seen from outside. Therefore, even. when the 
structure- shown in Fig: 17 in which the second flattening "insulation layer 61 covers trie 1 
second contact hole 72 is employed, the actual reduction in the" illumination area due' 
to the formation of the second flattening insulation layer 61 for one pixel can be 
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inhibited. 

The improvement effect on the flatness of the formation surface for the emissive 
element layer can also be achieved by the method of covering the contact hole by 
the second flattening insulation layer 61, by employing a layout wherein the first and 
second contact holes 70 and 72 are placed to overlap each other, as in Figs. 15A 
and 15B. Specifically, as in the cross sectional structure of the contact section shown 
in Fig!. 18/ the active layer 16 of the second TFT '20 and the anode 52 of the' 
organic EL element 50 are connected by first and second contact holes' 70 and 72 
formed to overlap each other, and the region of the anode 52 having the upper 
surface :Vec e sse'd b'eca'use of two* con tacf holes is" covered by the* second" flattening 
insulation layer 61. The form ation surface, for the emissive elem ent layer above the 
contact, holes 70/and ..72 will thus be a surface with a. good flatness, formed by. the 
second flattening insulation layer 6L Also, by. placing the two contact holes 70 and 72 
at- the same:- position in Fig. .18,. the .element, placement efficiency, in one pixel is high 
and. it is easy to contribute to an im prove/n ent. in the. i Hum in ation . region. 

F'ig. 19 shows another flattening method of the. ( form ation ^surface for the emissive 
element layer. The method of Fig.19 differs from. that'. of.;Fig. 17 in that .a fillipg layer 
62 is selectively form ed on. top of the anode 52 'instead' of the second flattening 
insulation layer 61, at the formation region of the second' contact hole 72, in order to 
fill the recess caused by the contact hole: By selectively .form ing . the filling layer 62' on 
top of the anode 52' for covering the contact, hole 72, even: when the second 
flattening insulation layer 61 or the like. is not provided, .the formation, surface for the 
em issive. elem ent. layer, above -the edntaet.hole -car^. be/fliatte ne.d', AsV.S'how.rV in Fig.-. 20,. 
the filling layer 62 may also be employed, similar to Fig, 19, for t* case wherein the 
first and second contact holes 70. and 72 are formed to overlap, each other. In Fig. 
20, the filling layer 62 is "selectively formed. dri\ttve: anadeV52*atVtKe regibri : where the. 
two contact holes are formed 'to'.; overlap, in gtder.Xo/i\\\ the deep recess formed. by 
the;- two ;contari. holes.. In. the cases illustrated; in Figs. 19 an;d 20; the emissive 
:element.. layer. 51 is. fbrrrved on a flat, surface': , of /the filling layer .62. .at the. region 
where the;cbntact h ole:or.co.ntaGt; holes are fprm^ 

el.em ehV: : layer generating in this region : can be prevented.. • 

The- material for the second flattening insulation, layer 61 and for the filling layer 62 
can be : any material which has a flat upper surface, but it is preferable to use a 
stable and insulating m aterial w hichdoes not react- with .the emissive el em layer 51 
and which is not hydrous. For example, polyimide, HMGSO, TOMCAT, or TEGS can 
be, used. , 

As described above, according to the fourth em bodim ent ; the flatness. of.. the surface 
onto which. the element to be driven such as an organic.EL element, is formed can ; 
be improved, and thus, it is possible to. improve the reliability of the element to be 
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driven. 

(57) &9! 

A semiconductor device comprising:a switching thin film transistor which operates by 
receiving a gate signal at its gate and for reading a data signal; end 

an element driving thin film transistor provided between a driving power.supply and an 
element to be driven, for controlling the power supplied from said driving pow er supply 
to said element to be driven based on a data signal .supplied from said, switching thin 
film transistor; 

a cbmpeHsi^r6n : 'tfiin f fiIm transistor having an opposite cbnducVive ''di^i^'densHic.with' 

respect to said element driving. thin film transistor is provided between said driving 

power supply and said element driving, thin." film .transistor: 

. / 
i 

i 

A semiconductor device according to claim 1, wherein a gale arid either a source or 
a. drain of said com.pe:ns;atidn .thin : film transistor are connected, and said 
compensation thin film t>ah^ power-supply and. 

said element driving thin film ^ '.transistor.. ' p '* ' 1 x 

A sem iconductor device, according to either/claim 1 or claim 2/w here in said element 
driving thin film transistor -com prises a plurality of thin film Iran si stp.rs connected to 
each' other in parallel. 

A semiconductor device according to either claim 1 or claim 2, 'wherein said- el em ent 
-driving thin film transistor ^comprises a plurality, ofi-thin; film 4ransisfo.rs \,connected. 
between said driving power- supply and sard elem;eni to be driven and in:, parallel to 
each, other; .'and. 

\ .. .... ■ ..' — ... .... - 

s ai id corh p en s ati o ri th in fi 1 m -tr an s is to r i s re s pe ctive ly prbvid e'd.'be tw e en said , pi Ur al ity of 

thin film i. Iran sis tors .cahhebte'd. i ; n parallel arid said driving power supply. -. 

A. semiconductor device according to any one of. claims, i through .4, wherein said 
elem.ent to be driven is an electroluminescence element which includes an .emissive 
layer... between a first elec.trqde arid a second electrode... 

A semiconductor device according ,tb claim . 5, wherein said ;;electr.ojum ihescence 
element, is an organic .eleetroljum jhescence. • elemrent which .eroplqys ;an organic 
compound in an e m is s K/e layer. f . 

A semiconductor device according to any one of claims 1 through 6, wherein said 
semiconductor device is used for an; active, m at rix type display device wherein, each of 
the pixels- arranged in e matrix form comprises said switching, thin filrrrtransistor,-said 
element driving thin film transistor, said compensation thin film transistor, and. said . 
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element to be driven as a display element. 

A semiconductor device according to any one of claim's 1 through 7, wherein said 
element driving thin film transistor and said compensation thin film, transistor are 
placed so -that the channel length direction of said thin film transistors is along the 
extension .direction of the. data line- tor supplying said data signal to said switching 
thin film transistor. 

An- active matrix type display device in which each ofa plurality of pixels arranged in 
a matrix form comprises at least an .element to be driven, and an element. driving thin 
film transistor for supplying pow er from a driving power supply to said element to be 
driven;, wherein :each pixel region of said plurality of pixels has one of the sides in the 
row.and column' directions of the matrix longer than the other side}, and 

said elem ent .driving thinfilm trarisfsTof is placed so that" its "channel length direction is 
along the. longer side. ; of said pixel region. 

A display device according to claim ^w herein in. said pixel/ region;, the side along the 

f i 
column ^direction, of the matrix is longer than the side along the row direction-of the 

•matrix; and 

said elem ent driving. thin film transistor is placed so that its channel length direction is 
along said, column direction- 

A semiconductor device comprising at, least one elem ent- driving. thin film transistor for 
supplying driving current from a power supply line to a, corresponding element to be 
driven; and 

a switching thin film transistor for controlling said element driving thin film transistor 
: based;- on d.at'.aV : sup : plied;,/when selected; wherein- 

said-.elem.ent driving thin film traasisipr js placed so that its channel length direction is 
•along the^xtensj on direction of .a :data line for supplying said .'data signal fo. said 
s w it ch i n g t h i n fil m. : t r a ns i st or; 

A semiconductor device or a display device according to any one of claims 1 through 
8 and 11, wherein the. channel length direction of said element driving thin film 

transistor-does not coincide with the channel length direction of said switching-thin film 
transistor.. 

A semiconductor device or a display device- according to any. ope of claims. 1. through 
12, whereinsaid elem ent driving thin film transistor is form ed so that its channel length 
direction is- along the. scan direction of a line pulse laser for annealing the .channel 
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region of the transistor. 

A semiconductor device com prising :n(n is an integer equal to or greater than 2)thin 
film transistors provfded between an element to be driven which operates based on 
supplied power and a. power supply line, for supplying .pow er to said element to be 
driven, for .controlling power supplied to said element to be driven; wherein 

the number of contact points for electrically-connecting said n thin film transistors and 
corresponding element to be driven is equal to or less than (n-1). 

A semiconductor device comprising:a thin film transistor providedbetween an- element 

.to.be -driven which-, ope rates, based oh supplied power and a power supply lin.efor 

supplying power to said element, to be driven, for cqntrpl/ing tr]e-.p : ower. supplied.to 

said element tb: be driven; wherein / 
... i 
the thin film, transistor and corresponding eiement to" be driven are electrically 

connected to each other by a wiring layer; and J ' 

the- contact position between the wiri'ng layer and = t he thin film : transistor Is placed to 
be distant from the contact position between, the w iring l.ayer and said element to be 
driven: 

A. semiconductor dev'ice. : according to, claim 1:5, wherein said element to be .driven is an. 
em ts.si ve : .e I em e:h{; w hjclr i n cl u das an 'em issive elem e hV layer betw ee n . ctfi rs-te lectro d e 
:a : nd- av:secohd .electrp.de; ' ' 

a. contact, hole is formed on. an insulation layer which is formed ^ above . said wiring 
layer, : ; s : aid wiring layer being Gqnnect'e;d- ' through- Mhb/^contact: hole: to s ; aid ' first 
electrode of s&id em is.sive,el.em entj which is form ed. on tbfiiof said-jnsula^ 
'covering; said contact, hole;/ . , 

at: least;. the:.c6ntac^ covered, by a flattening. layer; 

and ' • : - 

said emissive element; layer is formed above: said first. electrode, and said' flattening 
layer. 

A semiconductor device comprising : a thin film transistor for controlling power supplied 
to- an; element to be driven which operates based on the. supplied power : and which 
includes an emissive element layer between a first electrode arid'a second electrode;' 
said thin film transistor provided between said element to be driven and. a power 
supply line for -supplying" power to said element to be driven; ' w herein 
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the. thin film transistor and. corresponding element to be driven are directly or indirectly 
and electrically connected to each other at a contact hole formed on an insulation 

layer for separating said thin film transistor which is formed at a lower layer and said 
element, to be driven;- 

at least the contact hole region of said first electrode is covered by ^'flattening] layer; 
and • 

said emissive element layer is formed above said first electrode and said flattening 
layer. . 

A semiconductor device-.br a. display device according to. any .one. of, claim s 9.through 
.17, wherein .said element . 'to be driven is an i .organic e lectro luminesce nee:., element ... 
which" uses an organic compound* in an ;e missive . layer. / 
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